This study compared the behavior profile of cases in the Australian Rett Syndrome Database (ARSD) with those in a British study using the Rett Syndrome Behavior Questionnaire (RSBQ) and then examined behavioral patterns as measured by the RSBQ by genetic status. There were 145 Australian cases meeting the criteria for the first arm of the study and 135 for the second arm.
INTRODUCTION
Rett syndrome (RS) is a neurodevelopmental disorder that affects 1 in 10,000 females [Leonard et al., 1997] and rarely occurs in males. Although studies have shown that some female cases may not have a period of normal early development [Nomura et al., 1984; Leonard and Bower, 1998; Leonard et al., in press ], this disorder is almost impossible to identify at birth, and there are usually no specific differentiating features until the onset of regression at 6-18 months of age. Clinical criteria [The Rett Syndrome Diagnostic Criteria Work Group, 1988] and a four-stage progression model [Hagberg and Witt Engerstrom, 1986] were developed to assist medical practitioners with the diagnosis of RS, but the stage to stage transition is not always clearly defined. There is considerable variability with respect to age of onset [Goutieres and Aicardi, 1986; Kerr et al., 1987; Coleman et al., 1988; Charman et al., 2002] , nature of the regression [Zappella, 1992; Fiumara et al., 2002] , clinical outcomes , and expression of behaviors [Coleman et al., 1988; Sansom et al., 1993; Mount et al., 2001 Mount et al., , 2002a Mount et al., ,b, 2003 .
Genetic testing now plays an important role in RS diagnosis. In 1999, mutations within the MECP2 gene encoding X-linked methyl-CpG-binding protein 2 (MeCP2) were identified as the major cause of RS. While over 200 pathogenic mutations have been identified [Christodoulou and Grimm, 2003] , there are eight C > T transition mutations (T158M, R168X, R255X, R270X, R306C, R294X, R133C, and R106W) accounting for 69% of mutation-positive cases [Christodoulou and Grimm, 2003] . Variation in individual behaviors and the pattern of regression may be related to genotypic differences within RS [Mount et al., 2002a] . There is evidence of a relationship between genotype and clinical severity, with some mutations having either a milder or a more severe clinical course [Huppke et al., 2002; Colvin et al., 2003 Colvin et al., , 2004 Leonard et al., 2003; Smeets et al., 2003; Schanen et al., 2004; Fukuda et al., 2005] .
Behavioral manifestations commonly seen in RS include pathognomonic hand stereotypies and breathing abnormalities [The Rett Syndrome Diagnostic Criteria Work Group, 1988] . The diagnostic criteria for RS were recently revised and now include impaired sleep pattern from infancy and bruxism [Hagberg et al., 2002] . Inappropriate vocalization, night laughing, and mouth grimacing, thought to be common in this disorder, are often associated with other causes of intellectual disability but should not be disregarded in RS research. Inappropriate vocalization may restrict the ability of those families to interact with the community and sleep disturbances, and can be difficult to manage and burdensome for parents [Hunter, 2002] .
As more information becomes available about the genetic causes of intellectual disability [Poplawski, 2003] , there has been greater recognition of the association of syndrome specific behavioral symptomatology with genetic disorders [Dykens and Hodapp, 2001] . In an attempt to better delineate the behavior profile of RS, Mount et al. [2003] used the Developmental Behavior Checklist [Einfeld and Tonge, 1995] to compare the behavior of girls with RS with a group of females with the same level of intellectual disability. They found that although girls with RS had a consistently higher score in the autistic-related domain, there were qualitative differences between the behaviors seen in the two groups that could not be differentiated by the Developmental Behavior Checklist [Mount et al., 2003] . By reviewing published literature and consulting with parents and physicians about the behaviors found in RS in comparison with other intellectual disabilities, they devised the Rett Syndrome Behavior Questionnaire (RSBQ). It contains 42 items designed to measure behavior frequency and severity. The items are rated from 0 to 2 [Mount et al., 2002a] with a score of zero indicating the behavior is not true for an individual; 1 meaning the behavior is somewhat or sometimes true in the individual; and 2 meaning that the behavior is often or very true in the individual. The behaviors were organized, using factor analysis, into eight domains: General Mood, Breathing Problems, Hand Behaviors, Repetitive Face Movements, Body Rocking and Expressionless Face, Night-time Behaviors, Fear/Anxiety, and Walking/Standing. The authors trialed the RSBQ on a cohort of females, identified through the UK Rett Syndrome Association and compared them with a group of girls of similar intellectual disability identified through local special needs schools.
The Australian Rett Syndrome Database (ARSD), which commenced in 1992, is an on-going population-based registry of Australian RS cases born since 1976. Cases are recruited from a variety of sources and ascertainment is considered almost complete [Leonard et al., 1997] . Families and clinicians provide data on enrolment and follow-up questionnaires, administered to parents and carers every 2 years ], seek information on various aspects of RS, including measures of current behavior using the RSBQ and functional ability using a questionnaire version of the WeeFIM (the Functional Independence Measure for Children) [Ottenbacher et al., 1999] . Genetic testing was initiated for the cohort in 2000 [Weaving et al., 2003] .
We have only encountered one instance of the RSBQ's research application [Charman et al., 2002] since the UK group published their initial work [Mount et al., 2002a] . Our present study aimed to compare RSBQ scores in the ARSD with the UK cohort and to use the RSBQ scores to investigate behavioral differences associated with mutation effects in the Australian cohort.
MATERIALS AND METHODS
This analysis is based on data on 246 verified female cases of RS included in the ARSD in 2003. A follow-up questionnaire had been completed on 187 of these in 2002, and on a further 14 only in 2000; therefore, current behavior had been reported on a total of 201 (82%) at one of the follow-up times. The majority (179 of 201) had undergone molecular testing and of these 135 had a mutation identified in the MECP2 gene. This cohort of 135 subjects was used to investigate the association between mutation type and behavior profile. To compare the Mount cohort and the ARSD with respect to frequency and severity of current behavior, we included the 145 cases who were aged less than 19 years and had had one follow-up questionnaire completed, irrespective of their mutation status.
Each domain of the RSBQ is calculated as the total score for all questions in that domain [Mount et al., 2002a] . As we used an earlier version of the RSBQ (personal communication Rebecca Mount), one question Makes repetitive face movements involving fingers around the tongue was missing and the analysis had to be adjusted to account for this.
Mutation testing was performed in molecular genetics laboratories in Perth and Sydney using previously reported methods [Weaving et al., 2003] . Commonly occurring mutations were coded individually. Mutations were deemed common when their frequency was greater than six; thus, only the following seven mutations: T158M, R168X, R294X, R270X, R133C, R306C, and R255X were coded as discrete entities.
C-terminal deletions were coded as a separate group and the remaining mutations including R106W were allocated to the category ''other mutations.'' Analysis of variance (ANOVA) was used to estimate the marginal mean RSBQ domain scores and 95% confidence intervals for each mutation type in the ASRD cohort. For comparing the proportions of individuals exhibiting behavior in each question item between the ARSD registry and the Mount cohort, cross-tabulations were performed and chisquare statistics calculated. For investigating differences in severity of behavior between the ARSD registry and the Mount cohort, one-sample t-tests were used to compare individual ARSD domain scores with mean domain scores from the Mount cohort. Individual domain scores from the Mount cohort were unavailable. Because of the large sample size (n ¼ 145), t-tests applied to mean scores do not violate distributional assumptions. Multiple Discriminant Analysis was used in determining to what extent individual mutations could be identified by discriminant function values comprising linear combinations of RSBQ domain scores. SPSS V11.0 was used to perform all the analyses.
RESULTS
The age of females in the genetic analysis ranged from 2.8 to 27.4 years (mean ¼ 14.1; SD ¼ 6.2). Those older than 19 years were excluded from comparison with the Mount cohort.
Behaviors identified in the RSBQ were reported to occur at similar frequencies in the ARSD population and the Mount cohort in 38 of 42 (90%) questions (Table I ). In three items (Q14, 24 & 26, Table I ) the behavior was reported to occur significantly more commonly in the ARSD population, and in one item (Q2 , Table I ) significantly less commonly. Comparison of the two cohorts at the domain level gave an indication of the difference in severity of behavior between the two cohorts (Table II) . A higher domain score relates to more severe or frequent behavior in the cohort. For the domains of hand behavior, body rocking/expressionless face, and face movement, the ARSD cohort had a higher domain score, suggesting this behavior domain was more frequent or severe in the ARSD cohort than in the Mount cohort. There was no statistically significant meaningful difference between the two cohorts in the remaining five domains.
The distribution of mutations in the genetic cohort is shown in Figure 1 . Ninety-three of the 135 females in this cohort had one of eight commonly recognized mutations. Thus, the common mutations made up 69% (66% excluding R106W) of all MECP2 mutations in this cohort. In 44 cases, no MECP2 mutation was detected.
The mean total RSBQ score varied by mutation but not significantly ( p-value ¼ 0.52). The overall mutation effect did not account for a significant variation in any of the domain scores. However, the individual mutations that appeared most often to be different from the other mutations were R294X, R306C, and R270X.
Cases with R294X were more likely to have mood difficulties (Fig. 2.1 ), body rocking (results not shown), and night-time behaviors (Fig. 2. 2) but less likely to have hand behaviors (Fig. 2. 3) and to display repetitive face movements (results not shown). They also had a higher score for the walking or standing domain (results not shown). Similarly, those with R133C were more likely to have mood difficulties (Fig. 2.1 ) and night-time behaviors (Fig. 2.2 ) and less likely to have hand behaviors reported (Fig. 2.3 ). They were also reported to experience more fear or anxiety (results not shown). The pattern with R306C was similar to R133C with respect to the mood difficulties (Fig. 2.1 ) and fear or anxiety (results not shown) but not in relation to hand behaviors (Fig. 2.3 ). These cases were also more likely to have body rocking and repetitive face movements reported (results not shown). Those with T158M were less likely to have mood disturbances (Fig. 2.1 ) reported than the three previous mutations described while hand behaviors (Fig. 2. 3) were relatively commonly reported. Cases with R270X had the lowest score for the walking/ standing domain (results not shown). They had more hand behaviors ( Fig. 2.3 ) and repetitive face movements as well as night-time behaviors (results not shown). Cases with R255X also had more hand behaviors reported (Fig. 2.3 ). On the other hand, cases with R168X were most likely to have repetitive face movements and less likely to have hand behaviors (Fig. 2.3) or fear or anxiety reported. In contrast, the cases with C-terminal deletions were reported to have more severe hand behaviors (Fig. 2.3 ) and body rocking but less repetitive face movements.
Discriminant analysis classified 26.7% of individuals into the correct mutation category based on combinations of RSBQ domain scores. This success rate fell to only 9.9% when crossvalidation was used. The discriminant model performed best in identifying C-terminal deletion cases with 25.0% of these individuals correctly classified using cross-validation. Overall, the discriminant model was not significant (Wilks' Lambda Chi-Square (56df) ¼ 49.7; P ¼ 0.71).
DISCUSSION
We established that behaviors described by Mount et al. [2002a] , in an opportunistic sample of 143 girls identified through the UK Rett syndrome parent association, were similar to those of the Australian population-based Rett syndrome cohort. When behaviors were grouped at the domain level, we found that the ARSD cohort differed significantly in three of eight behaviors with higher scores, in the ARSD cohort in each case.
These differences in behavior could be related to study design. Our study surveyed families of cases in the only ongoing population-based RS cohort where the process for diagnostic verification uses information from both clinicians and families and in most cases molecular data [Leonard et al., 1997; Leonard and Bower, 1998; Colvin et al., 2003 ]. On the other hand the study by Mount et al. [2002a] had less rigorous inclusion criteria, which could have resulted in a case group diluted by subjects without a clinically verified diagnosis of RS. The fact that in three of the eight domains behavior occurred more frequently in the ARSD cohort than in the Mount cohort supports this hypothesis. Moreover, our questionnaire response fraction was considerably higher than in the UK sample (82% compared with 50%). It is therefore possible that the behavior represented in our study may be more reflective of RS than the Mount study.
The main aim of this study was to determine whether the RSBQ could be helpful in capturing the behavioral phenotype associated with genetic variation in RS. Despite the small sample size, we consider that there was evidence of a pattern suggesting that cases with mutations R294X, R133C, and R306C were more likely to exhibit behaviors relating either to mood, fear and anxiety or body rocking. Conversely, with one exception (R306C), these cases were less likely to exhibit hand behaviors. On the other hand, the cases with R270X and R255X mutations, both located in the nuclear localization signal (NLS) region within the transcription repression domain (TRD), were more likely to manifest hand behaviors. The RSBQ has eight behavioral domains [Mount et al., 2002a] representing behaviors both commonly recognized in RS as well as those identified much less frequently in the literature [Mount et al., 2001] . The features reported in the general mood domain are not typically reported in RS other than during the regression period, following which there is said to be a period during which subjects are said to ''wake up'' and become more communicative. Two early studies did report screaming fits in 53 of 63 [Coleman et al., 1988] and 7 of 22 subjects [Naidu et al., 1990] . Our study and the UK study [Mount et al., 2002a] show that a substantial proportion of individuals have behavioral and mood difficulties which persist beyond regression.
The breathing problems domain, consisting principally of episodic hyperventilation and apneas during wakefulness, relates to one of the supportive criteria noted early in the history of RS. Recent research has comprehensively described the spectrum of breathing abnormalities and their relationship to autonomic dysfunction [Julu et al., 2001] ; however, information on clinical management is still lacking.
The hand behaviors domain included hand stereotypies and loss of purposeful hand function, which are hallmark features of the RS and necessary for diagnosis of the syndrome [Hagberg et al., 2002 ]. Yet, research characterizing the nature, course, and mechanism of the hand stereotypies is limited [Mount et al., 2002a] . The ''repetitive face movements'' which often include the tongue could also be considered to be part of the spectrum of stereotypical movements in RS or they could also be a manifestation of extrapyramidal features described early in RS research [Fitzgerald et al., 1990] .
The Body rocking and expressionless face domain is somewhat heterogeneous in its inclusion of both eye gaze and expressionless face. Recently included in the supportive criteria for the atypical form [Hagberg et al., 2002] the eye gaze and use of 'eye pointing' to communicate are features, that can help distinguish RS from other causes of severe intellectual disability. These behaviors are generally seen after the wakeup period before which RS may often be confused with autism [Percy et al., 1988; Percy et al., 1990] . Rocking movements and expressionless face, which are less defined and overlap with features of autism, were recorded in 16% and 29% respectively of the reports including behavioral features reviewed by Mount et al. [2001] .
The night-time behaviors domain included both laughing and the screaming, which are recognized features of RS [Hagberg et al., 2002] for which a pathophysiological mechanism has not been identified. Different methodologies have been used to examine sleep behavior and have generally found night sleep to be disturbed, but compensated for, by an increase in day-time naps [Piazza et al., 1996; Ellaway et al., 2001] . Research into the natural history of sleep disorders in RS over time is lacking.
Behaviors in the fear/anxiety domain such as ''fear in unfamiliar situations'' were reported in 46 of 63 cases in Coleman's study [Coleman et al., 1988] and anxiety in 81 of 107 cases in UK study [Sansom et al., 1993] . It is difficult to surmise the underlying pathophysiology of these behaviors; however, they could be related to autonomic dysfunction.
The walking and stiff leg domain characterizes the manifestation of the motor impairment and spasticity associated with this RS, which is recognized as necessary criteria [Hagberg et al., 2002] . However, we found low functional ability (as measured by WeeFIM score) was associated with the absence of behaviors in the walking/standing domain, indicating cases with a higher score were more mobile [Robertson, 2003] . A higher score, such as in this example, will not necessarily be associated, as would be expected, with a more severe behavioral/functional outcome. Domain scores, when considered in relation to one another, can provide a behavior profile that reflects the characteristics of cases with specific mutations.
One of the strengths of this study is that it is populationbased [Leonard et al., 1997; Leonard and Bower, 1998; Colvin et al., 2003] and therefore there should be minimal selection bias and the results should be generalizable. This study also has more cases than many other studies investigating the relationship between genotype and phenotype [Hoffbuhr et al., 2001; Huppke et al., 2002; Schanen et al., 2004] . Nevertheless, the numbers of cases with individual mutations remain small. We only had 16 cases with a T158M mutation, the most commonly reported hot-spot mutation representing 12.1% of pathogenic mutations [Christodoulou and Grimm, 2003 ]. Thus, analytical power remains low and it is not surprising that the discriminant model was not statistically significant.
A number of scoring systems have already been developed and some further modified to quantify clinical severity [Amir and Zoghbi, 2000; Hoffbuhr et al., 2001; Monros et al., 2001; Huppke et al., 2002; Leonard et al., 2003] . Commenting that mildly affected girls could be more restless and aggressive, Huppke et al. [2002] suggested that clinical severity may not necessarily reflect social severity in RS. This is consistent with the clinical observations of authors H.L. and C.E. Nevertheless, our results support findings from previous analyses of the association between clinical variability and genetic characteristics. Three mutations having both a milder phenotype and more likely to be found in those surviving to adolescent/adulthood [Smeets et al., 2003 ] are the R133C ], R294X , and R306C mutations [Fukuda et al., 2005; Kerr A. M. and Prescott, 2005; Schanen et al., 2004] . We found cases with these mutations were more likely to exhibit behaviors relating to mood and body rocking and less likely to demonstrate hand behaviors. Cases with R306C and R133C showed more fear and anxiety. In contrast, cases with R270X appeared to show more hand behaviors and have a lower score on walking/standing, suggesting they were less mobile. This mutation has been found to have a more severe clinical phenotype [Colvin et al., 2004; Leonard et al., 2005] . Our interpretation of these findings is that individuals with R133C, R294X, and R306C mutations have a milder phenotype and are functioning at a higher level, so are more capable of externalizing and demonstrating such behaviors than subjects with more severe mutations, such as the R270X mutation. It is possible that for family and carers, the burden of caring for subjects in the milder group is equally or more demanding than it is for those with more severe functionally incapacitating mutations.
In summary, we have used the RSBQ to investigate the possibility of identifying variation in behavioral phenotypes associated with specific MECP2 mutations. We found that patterns of behavior differ between groups of mutations previously shown to have either a mild or a severe phenotype but due to the rarity of RS the statistical power was limited. This work forms a useful basis for future international collaborative studies that could be carried out through InterRett, an international RS database where data collection is not limited to cases from one country .
